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The upwelling velocity in the Pacific near San Diego was 
thus estimated to be about 25 meters per month during 
the summer, and the rate of penetration of solar radiation 
thus found was in good agreement with results obtained 
by independent methods. 

By applying the same mechanism of downward diffu- 
sion to the distribution of salinity, and combining the 
resulting equations with those pertaining to temper- 
ature, the surface cooling due to evaporation and other 
causes .can be estimated separately. This means of 
determning the rate of evaporation from the ocean by 
means of serial observations of temperature and srtlinity 
between the surface and the hundred-meter level, while 

theoretically possible, has not yet been applied. An 
approximate estimate of ocean evaporation from the rate 
of surface cooling can be made by supplementing the 
serial observation with obserwdons on an evaporating 
pan containing sea water. 

Numerical or graphical integration of the equations 
after the various physical magnitudes have been found as 
indicated above should reproduce the subsequent changes 
in temperatures and salinities from their m h a l  values. 
If the upwelling velocity is not included, integration 
should yield “norinal” values; that is, values of temper- 
ature and salinity to be expected in the absence of R 
general flow of the water. 

A NEW ANALYSIS OF THE SUN SPOT NUMBERS 
By DINSMORE ALTER 

[University of Kansas, Lawrence, Kans., November 16,19281 

During the past 10 years the wiiter has worked a great 
deal with analyses of data and has spent much time on 
the sun spot numbers. However, except for one brief 
paper on the ll-year means (la), read before the Astro- 
nomical Society in 1921, he obtained no resultts wort,hy of 
publication by any of the older methods. 

With the development of the equat,ions used in the 
correlation periodograni (lb) last year it seemed wort8h 
while once more to try the problem. A11 previous anal- 
yses had depended on repetit,ions of a sine curve of 
assumed period, the best of these being those made by 
the Schuster method. For such a method the number of 
data was far too small, either to prpve the existence or 
nonexistence of fairly constant penodicities (le). The 
new method, however, using not only such a curve but 
all its harmonics simultaneously, promised to require 
less data for a decision. Accordingly a thorough analysis 
was made. Since the complete metshod was published in 
this journal it will not be developed here. 

The unsmoothed Wolf-Wolfer numbers for the years 
1749-1926 were formed into 6-month means, givhg 356 
data. The periodogram was computed using logs, vary- 
ing by &month steps, from 1234 to 142% years for the 
separate correlations. The number of pairs of data used 
therefore, in computing each c,orrelation coefficient 
ranged from 331 down to 71. Beyond the latter number 
but little accuracy would have been secured. The period- 
ogram is reproduced as Figure 1. 

Naturally the first feature of the periodograni to st,rike 
the eye is the series of crests a t  a litt’le more than ll-year 
intervals. Examination will show, however, that their 
intervals do not even approximate t,he generally accept,ed 
value of 11 % years but average 11.37 years and are quite 
consistent in grouping around this figure. I n  other words, 
although the number of maxima and niirunia usually 
considered by investigators to be principal ones is such 
as to give approximately an 11 %year mean, the shape of 
the curve is such that the best correlations occur afber 
intervals of more than 11% years. This checks with the 
lon value assumed by Mount Wilson. 

%e next significant feature of the periodogram is the 
variation in amplitude of its swing between minimum and 
maximum. It reaches a minimurn ampl i t~de  a t  about 
33 years, a maximum a t  about 65 or 70, and a very pro- 
nounced minimum at about 126 years. The curve as a 
whole also swings about the zero !ne from a minimum a t  
approximately 40 years to a marnmum a t  about 85 and 
another minimum near 126. The latter feature is evi- 
dently due to a cycle (either accidental or significant) 
of about 85 years. 

The variation in amplitude is far too great to be acci- 
dental. Perhaps we have no exact periodicity, but a 
tendency toward le,iigthening and shortening of the cycle 
such tendencies persisting through considerable number 
of years. However, the changes resemble so closely the 
familiar best pattern made by superimposed periodicities 
that it is worthwhile investigating the hypothesis that 
they actually are such. 

The amplitude has decreased nearly to zero a t  126 
years. Such a pattern could come only through the 
superposition of periodicities, which are harmomcs of 

twice this period. If only such a primary and a 126- 
year period existed, the pattern would have shown 
steady decrease to zero a t  this point instead of the m m -  
nium at  85 years. It is obviously easy to find three 
harmonics of 252 years wlich would give the secondary 
and primary minima and the maximum observed. This 
was done early in the investigation, but the more logical 
plan is to compute all the harmonics of 252 years and 
find the aniplitude of each. One thing which the pattern 
dejnitely tells us is that, ij the sun spot variation is the 
result of superposition o j  jairly constant periodicities, any 
large ones of length less than a century must be harmonw~ 
of approximately 252 years. 

These hnrnionics of 252 years were, therefore, all com- 
pubed beginning with the second of period 126 years and 
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ending with the fortieth of period 6.3 years. The data 
are reproduced as Figure 2, where the ordinates are the 
amplitudes, expressed as percentages of t8he mean sun- 
spot number. They vary in amplitude from practically 
zero for the fortieth to 61 per cent for the twenty-second. 
The distribution of large aniplitudes does not follow, in the 
least, that expected by the error law. Since the basic 
period is 252 years, instead of the 178 for which we have 
data, adjoining periods are not entirely independent, 
though nearly so. The amplitudes are all great8er than 
20 per cent t,hrough t8he fifth, then all are less than this 

will find surges of large amplitude and, when the band is 
past, the amplitudes will rapidly decrease almost to zero. 
Periodicit,ies other than harmonics of the primary surge 
will not be found. We have then an actual case of fre- 
quency dist,ribution similar to that apparently found in 
the sun spot data. 

All harmonics of amplitude greater than 20 per cent 
have been added together to reproduce the past history 
of the variations and to extrapolate for test purposes. 
Of course, inclusion of smaller terms would have increased 
the accuracy of the representation of the past as closely 

No. 2. -4mplitudes of sun spot t.erms 

value (with t8he exception of the eighteenth far less) 
through the twentieth. From here through the t,hirty- 
first with two exceptions all are greater t,han 20 pe.r c.ent 
and from there on all are far less. Whe,t,her we have 
exact periodicit,ies or not, such a distribution can not 
be accidental. 

I t  will be int,eresting to see whether we have any known 
physical phenomena which would reproduce t,he fre- 
quency pattern found here. Prefacing t>he analogy by 
the statement that t,he author has no belief in an elec,trical 
explanation of the sun spot, variat,ion, he wishes to use 
one to illustrate esactly what has been found. Let us 

as might be desire.d. Suc.h a gain would have had 
lit& advanhge, for, if it, should prove t,o be true that 
the large periodicities chosen are substmantially real, t.hey 
must give enough of a correlation bet8ween ephemeris and 
fut,ure observat.ion t,o demonst,rate their validity without 
the use of smaller ones, even t,hough such might also be 
real. If t,hese be real, or approximately so, accurate 
predict,ion by means of all possible periodicities would 
be,long t,o lat,er work. Figure 3 gives this represe.ntation. 

Fort,unat8ely, for our t8est8 purposes, the ephemeris 
shorn-s, in t,he imme.di,zt.e fut,ure, very small oscillations 
similar to t8hose at, the. beginning of the last century, ex- 

No. 3. Sun spot representation. 

construct a coil of such capac.ity and induct,ance that it is 
tuned to oscillate over a rather broad band of frequenc,ies, 
say between one-twenty-first, and one-t,hirty-first, of a 
second. Let us impose on this c.oil an electrical impulse, 
each second, of such nature that the harmonics de,cre,ase 
in amplitude as they decrease in length of period. Such 
impulses are easy to produce. The longer harmonics, 
having great amplitude, will be found as forced surges in 
the coil, despite its damping qualit,ies. Soon the ampli- 
tude of these surges will decrease t,o negligible amount,s 
and none of large amplit,ude will be found until we reach 
the band for which the coil is tuned. Here again we 

using 126, S4, 68 . . . terms 

cept t,hat now, instead of being superposed on a minimum 
of the general progre.ssion they oscillat,e. about the mean. 
Th.e author. does not predict that the ephemeris will be jol -  
lowed. He merely c.laims that ,ij approximatrely constant 
periodicities do exist t,hey must, be the series found. His 
own opinion regarding suc.h will be bawd on t,he observa- 
t,ions of t.he nest 10 or 1.5 gears. If there are no very 
pronounced inasima or minima., he will accept them BB 
real, othe.rwise believe the phenomenon to be non- 
periodic. 

The inaccuracy ofithe first three-quart,ers of a century of 
da.ta must have. t,o some e,xtent, vitiat,ed a.mplit,udes and 
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phases of such periods. It is be.lieved, the,refore, that 
beyond the possible demonstration of their existe.nce, 
little can be done t'o secure accurate ephemerides unt,il a t  
least another half century of data are secured. 

The writer's studies are primarily concerned wit)h 
probabilities of observed deparhres from the error law, 
not with physical explanat'ions of results found. How- 
ever, he  shes to suggest very tentatively an esp1anat)ion. 
Various writers have, during the past 30 years, urged t'he 
planetary tides as an explanation of sun spots. Most 
noteworthy of these is an early paper by E. TV. Brown 
(2), using the tides of Jupiter and Saturn. With t,hese 
he gave an excellent representation of t,he past epochs of 
maxima and minima. An ephemeris coniput,e.d for t>he 
30 years since his paper was published is almost perfect 
in locatin epochs. 

The d e s  have always seemed an impossible expla- 
nation on account of their feeble.ness in comparison with 
the sun's gravitational field. However, the recent study 
of radiation pressure and of the solar spectrum have 
proved an almost perfect balance of forces in the solar 
atmosphere. This being the case small tidal effects 
may possibly produce large results. 

To test this possibility, an esarnination was made to 
see whether there is any unique relationship of the 
planetary periods to the assumed primary impulse, period 
of 252 years. Exact multiples and half multiples of 
their periods must be considered, since, except for eccen- 
tricity effects, the latter give the same tidal effects as 
the fornier. So far as probabilities are concerned the 
deviations of the nearest mu1 tiples from a common 
multiple may be as great as 25 per cent of a planet's 
period. If t>here is much less average devktion than 
half this amount, there is a straw of evidence in favor of 
the hypo thesis. 

Per cent 
deviation 

Product in terms 
of planet's 

period 

1 249.67 1 _ _ _ _ _ _ _ _ _ _  

In  every case the percentage deviation is found to 
be very small. This 250-year multiple is the only one 
to be foiind for these planets. The uncertainty of our 
252-year period is greater than the difference from this 
mean. Though one would not wish to claim anything 
for the coincidence, it certainly is one to be borne in 
mind. 

The writer wishes to acknowledge the aid of a grant 
from the research committee of the University of Kansas, 
under which he engaged Mr. James Edson to do the 
majority of the computing. 
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THE PERIODS OF SOLAR AND TERRESTRIAL PHENOMENA: 
By Prof. H. FRITZ 

[Trnnslated by W. W. Reed1 

In the past decades there have appeared numerous 
papers on the periodic phenomena whose changes show 
more or less marked agreement wit,h the periodic change 
in solar activity as it is most readily traceable in the 
changing frequency of sun spots. A similar change 
together with apparent relation, unexplainable or not 
directly explainable, between processes on the earth and 
processes on the sun can not he ast,onishing since the 
manifesta5on of energy, all mima.te or inaminlate nature 
on the earth, is subject to energy radiate.d from the sun 
to the planet. The earth provides the matter, the sun 
supplies the energy. In contrast to the supply of energy 
from the sun, that from the interior of the earth, thatt 
radiated to the earth from t'he stars, and that reflected 
to the earth from the moon fade into nothingness. The 
moon acts most effectively t'hrough the attraction exerted 
on the earth and it's const,itiient parts. 

Ine.vit,ably every vn.rittt,ion in s o h  :ic.t.ivit,y niust, he 
reflected in terrestrial proc,esses, ult.hough hecause of the 

1 Astronomers and meteorologists a pear to be but litt.le amarr of the general intrinsic 
value of the work done by Prof. H. &itz which mlminat.ed in Dit Ptr iodrs  solarrr u a d  
tcrrcstrichtr Eracheinungcn published in Vitrtcljahrsrhrift der Naturforachcndtn Qracll- 
echaff in Zwieh Ifef t  1 1863. 

As this publi'mtion i's not accessible to many American students it.s translation and 
republication in the MONTELY WEATEER REVIEW seems t.o be particularly appropriate 
at the present time when rarious authorities are seeking to establish indirect corrrlntions 
between solar act.irity and features of weather sequence on the rartb. It is a pleasure, 
therefore, to commend to the careful attent.ion of the readers of thr REVIEW MI. Heed's 
translation of Professor Frit.z's paper, more particularly with reference t.o the data and 
tinal tables of tbe epochs of the maxima of the 11-year cycle, which, a-ith the morlrrn 
tables of Wolfer, corer a total range of 17 and 34 years. The author's discussiou nf long 
periods and the possible causes of sun spots must stnnd on its own merits.-C. F.AIariGn. 

general constitmution of the eart8h, hhe variability fre- 
quenbly reninins niore or less out of sight., becomes not 
direct81y observable, or, it, may be, escapes all observation 
due to compe,nsa.tion by other forces or effects. If, for 
example, wit,h increasing solnr radiation more water 
e.vaporat,es froni the sea and, with the condensation of 
wat8e,r vapor in t,he highe,r &rata of the at,mosphere, the 
liberated latent) hefit, rises immediately t>o bigher regions 
and int,o space, and at, t,he s m i e  time insolabion undergoes 
gre.ate.r deplet,ion on account of the. great'e.r amount of 
water va.por in the nt8niosphere, t'hen even rather large 
differences in radiat,ion of heat) by t'he sun will be wit,liout 
influence on our measuring instrument8s and will no 
longer be shown by t81iem. This single example will 
serve as well as many. 

If there exist in the differe.nt phenoniena of the eart.h 
periodic changes dependent on solar activity, then they 
can not be limited to n few decndes; they must he present, 
on the cont8riwy, in t,he oldest observations available at the 
present,. In  the cont>rary cn.se one would be permitted to 
apply not entirely without reason t'he conventional word 
(' a.cc.ident. " 

Unfort,unntely, research estending far into the past is 
possible only in :: rest,ric+d w8.y; most8 of the useful data 
rrlnt,ire t,o tdic different, liinds of phenomena fire very 
rec.ent8. 

Bwnuse of it,s de.finitely dec.ide,d periodic,ity, its unique- 
ness, and it8s awesomeness, one terrest'rial phenomenon c,an 


